Ketobacter alkanivorans gen. nov., sp. nov., an n-alkanedegrading bacterium isolated from seawater T was isolated from a surface seawater sample collected from Garorim Bay (West Sea, Republic of Korea). The isolated strain was aerobic, Gram-stain-negative, rod-shaped, motile by means of a polar flagellum, negative for catalase and weakly positive for oxidase. The optimum growth pH, salinity and temperature were determined to be pH 7.5-8.0, 3 % NaCl (w/v) and 25 C, respectively; the growth ranges were pH 6.0-9.0, 1-7 % NaCl (w/v) and 18-40 C. The results of phylogenetic analysis of 16S rRNA gene sequences indicated that GI5
Diverse families comprise the gammaproteobacterial order Oceanospirillales: Alcanivoracaceae, Hahellaceae, Halomonadaceae, Kangiellaceae, Litoricolaceae, Oceanospirillaceae, Oleiphilaceae and Saccharospirillaceae. Most genera of these families are halophilic or halotolerant [1] . The family Alcanivoracaceae was established with the single genus Alcanivorax [2] , and comprises species capable of degrading petroleum-derived compounds as their main carbon and energy sources [3] . Characterization of the species of the genera Kangiella and Pleionea [4] , and their distinct phylogeny [5] , supported the omission of these genera from the family Alcanivoracaceae. In the present study, we describe a novel hydrocarbon-degrading strain, GI5
T , of the family Alcanivoracaceae, isolated from seawater from the West Sea of South Korea.
GI5
T was isolated from surface water from the coastal sea near Garorim Bay in the Republic of Korea (126 13¢ 43.39 † E, 37 15¢ 49.89 † N) during screening of hydrocarbondegrading bacteria. Garorim Bay had been heavily contaminated by fuel oils in a 2007 oil-spill accident [6] . The water samples were collected using sterile polyethylene bottles, transported, and stored at 4 C. For preparation of inoculum for enrichment culture, microbial cells from the water sample (0.5 l) were filtered under vacuum through a sterile membrane filter with a pore diameter of 0.2 µm (Advantec Toyo). A section of the filter, containing microbial cells, was added to 10 ml sterile artificial sea-water (ASW) medium in a 15 ml glass tube. Enrichment and isolation were performed in the ASW medium containing (per litre): 24.6 g NaCl, 0.67 g KCl, 1.36 g CaCl 2 .2H 2 O, 6.29 g MgSO 4 .7H 2 O, and 4.66 g MgCl 2 .6H 2 O. After autoclaving, the filter-sterilized supplement solutions were added to the medium. The supplement solutions included 1 mM KH 2 PO 4 , 3 mM NaHCO 3 , 1 mM NH 4 Cl, 1Âvitamin solution [7] , 1Âselenite tungsten solution [8] , and 1Âtrace element mixture [7] as final concentrations. The pH was adjusted to 7.5-8.0 using 1 M NaOH. Hexadecane (final concentration 2 mM) was added into the medium as the substrate. The enrichment culture was incubated in a gyratory shaking incubator for 1 week at 25 C and 150 r.p.m. To obtain isolates, the enrichment culture was diluted serially using ASW with hexadecane, and the most diluted culture tube that showed turbidity was picked. The culture was spread on marine agar 2216 (MA; BD), and the plate was incubated at 25 C for 5 days. Among the colonies, a single small whitecream-coloured colony was isolated and purified. The pure isolate was designated as strain GI5
T , preserved as glycerol stocks (25 %, v/v) at À80 C, and subjected to further characterization. The isolated strain was routinely cultivated at 25 C for 5 days on MA plates and in ASW medium with 2 mM acetate as substrate, for biochemical and physiological characterization. MA was routinely used to check for contamination of cultures.
For 16S rRNA gene sequencing and DNA G+C content determination, the chromosomal DNA of GI5
T was extracted using a commercial genomic DNA extraction kit (Cosmo Genetech). RNA in the total nucleic acid extract was removed by adding ribonuclease (20 units ml
À1
) at 30 C for 1 h. The 16S rRNA gene sequence of GI5 T was amplified from the chromosomal DNA using the universal bacterial primer set 27F (5¢-AGAGTTTGATCMTGGC TCAG-3¢) and 1492R (5¢-TACGGYTACCTTGTTACGAC TT-3¢) [9] . The purified PCR products were sequenced by Cosmo Genetech using the primers 27F, 518R (5¢-GTA TTACCGCGGCTGCTGG-3¢), 785F (5¢-GGATTAGA TACCCTGGTA-3¢) [10] and 1492R [9, 11] . The raw reads of the 16S rRNA gene sequence were edited and assembled using the SeqMan software (DNASTAR), to obtain a nearly complete 16S rRNA sequence (1528 bp) of GI5
T . The 16S rRNA gene sequences for related taxa were collected from EzBioCloud and the GenBank database and aligned using the SILVA program (http://www.arb-silva.de/aligner). The nucleotide similarity values of the 16S rRNA gene sequences were estimated using EzBioCloud [12] . Neighbor-joining (NJ) [13] , maximum-likelihood (ML) [14] and minimumevolution (ME) [15] methods in the MEGA7 program [16] were used for the reconstruction of phylogenetic trees. Evolutionary distances were estimated using the Kimura two-parameter model [17] , and bootstrap analyses were performed with 1000 random replicates [18] . All trees reconstructed using the NJ, ML and ME methods supported the phylogenetic position of GI5 T (Fig. 1) ; GI5 T represents a member of the family Alcanivoracaceae and is closely related to members of the genus Alcanivorax (Figs 1 and S1 , available in the online version of this article), having the highest similarity of the 16S rRNA gene sequence with Alcanivorax dieselolei B-5 T (91.9 %) and Alcanivorax marinus R8-12 T (91.6 %). Two alkane hydroxylase (alkB) genes (1179 bp for alkB1 and 1161 bp for alkB2) were detected in
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the complete genome sequence of GI5 T (AUM13237.1 and AUM13265.1).
Cell morphology and size were determined using transmission electron microscopy (Tecnai G2 Spirit Twin; FEI), at the Korea Basic Science Institute (Cheongju, Republic of Korea). Cell wall type was determined using a Gram stain kit (BD), according to the manufacturer's instructions. The morphology of the Gram-stained cells was examined by light microscopy (CX21; Olympus). Cell motility was assayed using a semi-solid agar method [19] . GI5
T was Gram-stain-negative and had straight rod-shaped cells 0.4-0.6 µm in diameter and 1.6-1.8 µm in length (Fig. 2) . The cells were motile and flagellated with a polar flagellum, and several pili were observed (Fig. 2) .
The optimum growth conditions in terms of pH, salinity and temperature were determined by using the ASW medium with 2 mM acetate. The optimum growth temperature was determined by testing at 4, 10, 15, 18, 25, 30, 38, 40, 45, 50 and 65 C. The optimum pH test was performed in ASW medium adjusted to different pH values (5.0-10.0 at intervals of 0.5 units) using HCl or NaOH with three appropriate buffers for various pH ranges (final concentration, 10 mM); acetate buffer was used for pH 5.0-5.5; phosphate buffer was used for pH 6.0-8.0; Tris buffer was used for pH 8.5-10.0 [20] . Cell growth was observed by measuring the OD 600 . The salinity requirement was tested at NaCl concentrations in the medium of 0-20 % (at intervals of 1 %). GI5
T was able to grow at temperatures of 18-40 C (optimum, 25 C). The pH range for growth was 6.0-9.0, with an optimum pH 7.0-8.0. The salinity requirement was 1-7 % NaCl (w/v) (optimum, 3 %). These results indicated that GI5
T was mesophilic, alkalitolerant and halophilic. The optimum growth temperature of GI5
T was similar to those of the closely related strains A. dieselolei B-5 T and A. marinus R8-12 T (Table 1) . Table 1 . For determination of the range of n-alkanes which can be utilized, GI5 T was inoculated into 10 ml ASW medium containing 0.1 % (v/v) of each n-alkane, as described by Smits et al. [23] , without using rhamnolipids or dioctyl phthalate as dispersants. The n-alkane chain length that GI5
T could utilize as a sole carbon source ranged from C 10 to C 28 . The range of n-alkanes utilized by GI5 T was narrower than that of A. dieselolei B-5 T (C 5 to C 36 ; [24] ) and A. marinus R8-12 T (C 10 to C 36 ; [25] ). The spectrum of carbon sources used by GI5
T was narrower than the members of the genus Alcanivorax. n-Alkanes, acetate, Tween 40, Tween 80, sucrose, L-arginine, D-gluconate, Dfructose, phenylacetate and D-mannose were the only organic substrates supporting growth of GI5 T .
The cellular fatty acid content of GI5 T was analyzed using cells in the late exponential phase. Cells grown on MA at 25 C for 5 days were saponified, methylated and extracted according to the protocol of the Sherlock Microbial Identification System (MIDI). The results were analyzed using a gas chromatograph (Model 6890; Hewlett Packard) and identified using the Microbial Identification software package, which relies on the Sherlock Aerobic Bacterial Database (TSBA60) [26] . The major fatty acids of GI5
T were identified as C 18 : 1 !7c/C 18 : 1 !6c (44.45 %), C 16 : 1 !6c/C 16 : 1 !7c (14.17 %) and C 16 : 0 (10.19 %) ( Table 2 ). As described in Table 2 , the fatty acid composition of GI5 T is significantly different from the compositions of its close relatives. For extraction of respiratory quinones and polar lipids, cells were grown on MA for 5 days at 25 C, collected and freezedried. Respiratory quinone was extracted with chloroform/ methanol (2 : 1, v/v), evaporated under vacuum and reextracted in n-hexane/water (1 : 1, v/v). The crude quinone extract was purified using a Sep-Pak Vac silica cartridge (Waters) and subsequently analyzed by HPLC, as previously described [27] . The major respiratory quinone of GI5
T was found to be Q-8. Polar lipids were extracted and separated using two-dimensional thin layer chromatography [28] . Molybdophosphoric acid, ninhydrin, molybdenum blue and [25] and Yakimov et al. [30] . All strains were negative for Gram staining. In the API 20NE system, all strains were negative for nitrate reduction, indole production, glucose fermentation, arginine dihydrolase, urease and b-galactosidase activities and utilization of glucose, arabinose, mannose, mannitol, N-acetyl-glucosamine, maltose and potassium gluconate. In the API ZYM system, all strains were negative for trypsin, a-chymotrypsin, a-galactosidase, b-glucuronidase, b-glucosidase, a-glucosidase, b-galactosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase and positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), lipase (C14), leucine aminopeptidase, valine aminopeptidase and acid phophatase. In the carbon source test, all strains were negative for succinate and DL-malate and positive for acetate. +, Positive; W, weakly positive; -, negative; ND, no data. 
a-naphthol were used for detection of all lipids, aminolipids, phosopholipids and glycolipids, respectively.
Phosphatidylethanolamines, phosphatidylglycerols, phospholipids, glycolipids and aminophospholipids were detected in GI5 T (Fig. S2) . The chromosomal DNA G+C content of GI5
T was determined using a fluorometric technique employing a real-time PCR platform [29] . The G+C content of GI5
T was found to be 51.2 mol%. This value is lower than that of A. dieselolei B-5 T (62.1 mol%) and A. marinus R8-12 T (66.1 mol%) [24, 25] (Table 1) .
The results of the phylogenetic analysis indicated that GI5
T represents a member of the family Alcanivoracaceae of the order Oceanospirillales. On the basis of the low ( 92 %) similarity between 16S rRNA gene sequence of GI5 T and those of its closest relatives, of the genus Alcanivorax, we consider that GI5 T represents a novel genus. This notion is also strongly supported by the observation that the phenotypic and chemotaxonomic properties and the fatty acid composition of GI5 T are distinct from those of its close relatives (Table 2) . On the basis of phylogenetic, phenotypic and chemotaxonomic differences between GI5
T and the other members of the family Alcanivoracaceae, we suggest that GI5
T represents a novel species of a novel genus, and we propose the name Ketobacter alkanivorans gen. nov., sp. nov.
DESCRIPTION OF KETOBACTER GEN. NOV.
Ketobacter (Ke.to bac¢ter. Gr. n. Keto, Greek goddess of sea monsters, referring to the marine origin; N.L. masc. n. bacter, a rod; N.L. masc. n. Ketobacter, a rod from the sea).
Cells are aerobic, straight rods, motile by means of a polar flagellum and Gram-stain-negative. The major cellular fatty acids are C 18 : 1 !7c/C 18 : 1 !6c, C 16 : 1 !6c/C 16 : 1 !7c and C 16 : 0 . The main polar lipids are phosphatidylethanolamine and phosphatidylglycerol. The major respiratory quinone is Q-8. The DNA G+C content of the type strain of the type species is 51.2 mol%. Phylogenetic analysis of the 16S rRNA gene sequence indicates that the genus is a member of the family ||Data from this study which are noted to differ from those described in the reference studies. The result from the reference study is provided in parenthesis. ¶Lophotrichous flagella. 
